We isolated and characterized a novel virulent bacteriophage, IME-EFm1, specifically infecting multidrug-resistant Enterococcus faecium. IME-EFm1 is morphologically similar to members of the family Siphoviridae. It was found capable of lysing a wide range of our E. faecium collections, including two strains resistant to vancomycin. One-step growth tests revealed the host lysis activity of phage IME-EFm1, with a latent time of 30 min and a large burst size of 116 p.f.u. per cell. These biological characteristics suggested that IME-EFm1 has the potential to be used as a therapeutic agent. The complete genome of IME-EFm1 was 42 597 bp, and was linear, with terminally non-redundant dsDNA and a G+C content of 35.2 mol%. The termini of the phage genome were determined with next-generation sequencing and were further confirmed by nuclease digestion analysis. To our knowledge, this is the first report of a complete genome sequence of a bacteriophage infecting E. faecium. IME-EFm1 exhibited a low similarity to other phages in terms of genome organization and structural protein amino acid sequences. The coding region corresponded to 90.7 % of the genome; 70 putative ORFs were deduced and, of these, 29 could be functionally identified based on their homology to previously characterized proteins. A predicted metallo-b-lactamase gene was detected in the genome sequence. The identification of an antibiotic resistance gene emphasizes the necessity for complete genome sequencing of a phage to ensure it is free of any undesirable genes before use as a therapeutic agent against bacterial pathogens.
INTRODUCTION
Enterococcus faecium is a Gram-positive facultative anaerobe that is part of the normal flora of human and animal digestive tracts, and is widely distributed in the environment. It is also an opportunistic bacterial pathogen that causes a variety of serious diseases in humans, notably nosocomial and secondary infections (Arias & Murray, 2012; de Been et al., 2013) . Although these infections can be successfully cured by broad-spectrum antibiotics, longterm and occasionally needless use of antibiotics in humans enhances the spread of antibiotic-resistant bacterial strains, and causes them to eventually dominate populations of human micro-organisms. E. faecium strains are robust and adaptable, with a particular ability to survive under harsh conditions and at a wide range of temperatures (from 10 to .45 u C) (Arias & Murray, 2012) . In the last decade, enterococcal hospital-acquired infections have increasingly been associated with E. faecium compared with other Enterococcus spp. (Brueggemann et al., 2007) . Extensive studies have revealed that E. faecium is more resistant to most drugs than other Enterococcus spp. (de Been et al.,
Bacteriophages are viruses that specifically infect and lyse bacteria. They are ubiquitous throughout the environment and are the most genetically diverse biological entities in the biosphere (Abedon, 2008; Hemminga et al., 2010; Lima-Mendez et al., 2007) . Recently, phages have been suggested as the most promising alternative therapeutic agents against multidrug-resistant bacterial infections, including vancomycin-resistant E. faecium (Abedon, 2011; Anisimov & Amoako, 2006; Biswas et al., 2002; Debarbieux, 2008; Matsuzaki et al., 2005) . Bacteriophages have shown highly potent and often species-specific bacteriolytic activity and notable lack of bacterial resistance in medicine for the treatment and prophylaxis of infections (Salifu et al., 2013; Yele et al., 2012) . Technologies have also been patented employing phages in other pathogen-related applications including detection and decontamination (Courchesne et al., 2009 ).
In the current study, we selected E. faecium strains isolated by the clinical laboratory at the Chinese People's Liberation Army Hospital 307 (Beijing, China) as indicator bacteria. Phages active against these strains were isolated from Hospital 307 sewage water. We then undertook characterization and genetic analysis of a newly isolated lytic E. faecium bacteriophage, designated IME-EFm1. To our knowledge, the complete nucleotide sequence of an E. faecium bacteriophage has not been reported previously. Analysis of the complete genome provided insights into the features of IME-EFm1, which contribute to our knowledge on the interactions between phages and host bacteria. This investigation also provided experimental evidence to validate the clinical application of E. faecium phage (Debarbieux, 2008) .
RESULTS AND DISCUSSION

Morphological properties of IME-EFm1
A bacteriophage designated IME-EFm1 was isolated from hospital sewage. IME-EFm1 formed clear plaques that did not produce a halo (Fig. 1a) . Transmission electron microscopy analysis revealed that IME-EFm1 had an isometric head and a non-contractile tail (Fig. 1b) . The diameter of the isometric head was about 50 nm and the tail length was about 192 nm. According to the guidelines of the International Committee on Taxonomy of Viruses (ICTV, 2005) , IME-EFm1 was classified as belonging to the family Siphoviridae (order Caudovirales).
Optimal m.o.i. and one-step growth curve
Samples infected at an m.o.i. of 1 generated the maximum number of phage progeny (Table S1 available in the online Supplementary Material). IME-EFm1 had a relatively similar latent period (30 min), a long release period and a mean burst size of 116 p.f.u. per cell (Fig. 2) . The plateau phase was reached after 90 min, following a 60 min burst period. The interval between the eclipse phase and the latent period was only 10 min, which is short compared with that of other bacteriophages (Raytcheva et al., 2011) .
Phage host-range test
As shown in Table S2 , IME-EFm1 could infect 17 of the 22 (77.3 %) clinical E. faecium isolates, including two strains resistant to vancomycin. However, IME-EFm1 did not infect any of the tested Enterococcus faecalis, Staphylococcus aureus or Escherichia coli strains.
Determination of IME-EFm1 genomic termini using next-generation sequencing (NGS) data
Complete genome sequencing of phage IME-EFm1 was conducted using NGS. About 3.9 Mb of generated data were used to assemble a 42 597 bp linear chromosome with more than 50-fold genome coverage, using a Roche Newbler 2.8 assembler.
We have previously established an approach to predict the genomic termini based on NGS data (Li et al., 2014) . The high-frequency sequences (HFSs) derived from highthroughput sequencing represent the termini of the sequenced genome. To identify the termini of the IMEEFm1 genome, we mapped the raw sequence reads onto the assembled IME-EFm1 genome. The results revealed that two sequences of extremely high frequency were mapped at the ends of the assembled genome (Fig. 3) , representing the 59 and 39 ends of the phage genome. The mean occurrence of a read was calculated to be 13.6 [(total reads)/ (genome length6forward and reverse direction)51 154 818/ (42 59762)]. Using this formula, the ratios of the highest forward and reverse frequencies versus the mean frequency were 324.4 (4412/13.6) and 234.9 (3194/13.6), respectively, which further suggested that these HFSs were the genomic termini. Manual extension of these HFSs showed that they could only be extended in one direction, again confirming that they are the termini. The occurrence of the top 10 highest-frequency sequences in the raw data was counted in both forward and reverse directions (Table S3 ). The surrounding 20 bp of the highest-frequency sequences in both forward and reverse directions were also counted. HFSs showed an extraordinarily higher peak than the surrounding 20 bp area in both forward and reverse directions (Fig. 3) . Together, these results suggested that these HFSs are the termini of the assembled genome. Therefore, the assembled genome had distinct termini at the end of forward and reverse directions of the genome. The above results also demonstrated that IME-EFm1 has a linear, 'terminally nonredundant' dsDNA genome, which is a distinct feature not seen in most previously identified dsDNA bacteriophages. This characteristic suggests that IME-EFm1 has a unique DNA replication mechanism.
To further confirm the above assumption regarding the termini of the IME-EFm1 genome, a restriction assay and terminal run-off sequencing were carried out. The restriction endonuclease StuI, which has only one cut site at position 3658 on the genomic DNA, was used to digest the DNA, releasing two bands in agarose gel electrophoresis (data not shown). The result of terminal run-off sequencing is shown in Fig. 4 . No signal was detected after the terminal sequence 'CCTTTTTATAACGAATTAAT' in the positive strand or after the terminal sequence 'GAATTTCGTGCG-AAGAAGAG' in the negative strand. These results proved the linearity and further confirmed that 'CTCTTCTTC-GCACGAAATTC...' and 'ATTAATTCGTTATAAAAAGG...' (Table S3) were the true physical ends of the genome.
Overview of the phage IME-EFm1 genome
The restriction assay and NGS sequencing revealed that IME-EFm1 has a double-stranded, terminally non-redundant genome of 42 597 bp with a low G+C content (35.2 mol%) and a nucleotide content of 32.4 % A, 32.4 % T, 17.5 % G and 17.7 % C. A total of 146 putative promoters and 120 putative rho-independent terminators were predicted in the genome. Sequence analysis revealed 70 putative ORFs (Table 1) , from 114 to 3225 bp with ATG as the main start codon, encoding proteins of 38-1075 aa. Together, the ORFs covered 38 633 bp, resulting in a coding density of 90.7 %. A map of predicted ORFs was then generated with gene features (Fig. 5) . The majority of the ORFs (40 ORFs, 57.14 %) were transcribed on the negative strand. Interestingly, the start codon of 14 ORFs (20.2 % of the total) overlapped with the stop codon of the previous gene, indicating possible transcriptional interactions between neighbouring genes. Putative tRNA genes were searched using tRNAscan-SEM (v.1.21) and no tRNA was detected. On the basis of homology comparisons, 29 ORFs were assigned significant similarity (E-value ¡1E
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; Table S4 ) to other proteins in GenBank, and 23 of the 29 ORFs were found in phages from other Enterococcus spp. Based on the genome size and sequence similarity, the closest relatives of IME-EFm1 were identified as E. faecalis phages EFAP-1, IME-EF4, EFRM31 and IME-EF3. (a) Plaques of phage IME-EFm1. The arrow indicates a phage plaque. IME-EFm1 stock solution (0.1 ml) was mixed with E. faecium strain 383 (0.5 ml, OD 600 50.6) in 5 ml semi-solid brain-heart infusion medium (0.75 % agar) and transferred directly onto solidified base nutrient agar (1.5 % agar). After 5 h of incubation at 37 6C, the plates were checked for phage plaques. The diameter of the indicated phage plaque is about 1 mm. (b) Morphology of phage IME-EFm1 as revealed by transmission electron micrography. 
Functional ORF prediction
The functionally identified ORFs were classified into three groups: structure and packaging, replication and regulation, and lysis ( Fig. 5 ). BLASTP analysis revealed that ORF2 and ORF3 were the most likely candidates for the terminase small subunit and terminase large subunit, respectively. Based on their homology to proteins in other Enterococcus spp. phages, these ORFs were designated as coding for terminase proteins belonging to Pfam05119 and Pfam03354, respectively.
The morphogenesis module of IME-EFm1 is located next to the packaging module in the genome. A portal protein gene (ORF5) of 1206 bp (402 aa) was detected, encoding the portal protein that forms a channel through which bacteriophages inject their genome into host cells. ORF7 of IME-EFm1 showed similarities to major capsid proteins belonging to Pfam 05065. The genes encoded by ORFs8-11 are involved in the formation and connection of the head and tail structure. ORF10, -11 and -12 had amino acid similarity to three parts of the head-tail joining protein of E. faecalis phage EFAP-1. ORF9 showed similarity to the head-tail adaptor protein of enterococcal bacteriophage EFRM31. ORF16 was similar to tail length tape-measure proteins, and the predicted protein product of ORF16 was the longest in the IME-EFm1 genome. Interestingly, the following cluster of packaging and structural genes was found in both the IME-EFm1 (ORF2-12) and EFRM31 (gp12-23) bacteriophages (Fard et al., 2010) , in the same order: terminase small subunit, terminase large subunit, a hypothetical protein, portal protein, prohead protease, major capsid protein, hypothetical protein, head-tail joining protein, head-tail adaptor protein, two head-tail joining proteins and the major tail protein. This suggests a close relationship between the two bacteriophages.
The replication and regulation module of the IME-EFm1 genome showed significant similarity to that in the phage EfaCPT1 genome. ORF43 of IME-EFm1 encodes prophage Lp4 protein 7 and was predicted to have a primasepolymerase (prim-pol) domain. The helicase protein and DNA primase encoded by ORF45 and ORF63, respectively, are also within this module.
ORF38 was found to be related to metallo-b-lactamase domains and showed homology to putative metallo-blactamase genes from previously identified phages. Several other reports have analysed antibiotic resistance genes in phage DNA (Desiere et al., 2002; Muniesa et al., 2004; Parsley et al., 2010) . The bacteriophages have the potential to carry antibiotic resistance genes to accelerate the dispersal of these genes (Muniesa et al., 2004; Petrovski et al., 2011; Witte, 2004) . The predicted metallo-blactamase of phage may confer antibiotic resistance to the host, thereby enhancing adaptation to antibiotic stress (Marti et al., 2013) . Although none of these assumptions have been validated further, complete genome sequence analysis of potentially therapeutic phages is necessary. The function of the putative metallo-b-lactamase gene should be further clarified in future before IME-EFm1 can be used for therapeutic purposes.
Another characteristic of the phage IME-EFm1 genome is that it contains a protein toxin, haemolysin gene (ORF22) followed by holin and endolysin genes (ORF23 and 24). ORF22 possesses a XhlA (Pfam 10779), which encodes a putative membrane-associated protein (Krogh et al., 1998) . This putative haemolysin protein can insert into cellular membranes and form pores. Holin is a protein that perforates the membrane and inserts into the bacterial cell (Wang et al., 2000) . Expression of both haemolysin and holin is necessary to effect host cell lysis (Krogh et al., 1998) . The endolysin function was attributed to ORF24. The phage probably uses the holing-endolysin strategy to lyse the host cell to liberate progeny virions (Wang et al., 2000) . N-Acetylmuramoyl-L-alanine amidase is specifically dedicated to lysis, and holin contributes to the activation of the amidase at a precisely defined time (Pastagia et al., 2013; Wang et al., 2000) .
Phylogenetic tree analysis of phage IME-EFm1
To analyse the evolutionary relationship between phage IME-EFm1 and other phages, the large terminase protein sequence was used to reconstruct a phylogenetic tree (Fig.  6a) . IME-EFm1 was clustered with E. faecalis phages EFRM31, EfaCPT1 and EFAP-1, while some other Enterococcus spp. phages were clustered into different subgroups. Another phylogenetic tree was constructed based on amino acid sequences of the portal protein (Fig. 6b) . Notably, these two phylogenetic trees were in perfect accord, showing the same clustering of phages EFRM31, EfaCPT1, EFAP-1, IME-EF3, IME-EF4 and IME-EFm1.
Genome-wide comparison
Genome sequencing results showed that the IME-EFm1 genome showed partial identity to the complete sequence of the enterococcal bacteriophages IME-EF3 (GenBank accession no. NC_023595.2), IME-EF4 (NC_023551.1) and EfaCPT1 (JX193904.1). Fig. 7 shows the distribution of the homology across the genomes using Easyfig software with amino acid sequence comparison. The regions showing the most significant similarity included the head capsid, tail and DNA replication gene clusters.
CONCLUSIONS
Bacterial infections that are recalcitrant to currently available antibiotics are a serious clinical problem. The increasing prevalence of antibiotic-resistant bacteria is mainly a result of the extensive and often unnecessary use of antibiotics. Therefore, the search for alternatives to antibiotics is a pressing public concern. Enterococci are inherently resistant to antimicrobials and are a key source of antibacterial resistance determinants for other members of the intestinal microflora. We successfully isolated a novel phage that has a broad host range among E. faecium strains, including vancomycin-resistant enterococci. This phage, designated IMEEFm1, was morphologically similar to phages of the family Siphoviridae and had a latent time of 30 min and a large burst size of 116 p.f.u. per cell. These characteristics mean that IME-EFm1 has significant potential for use in veterinary and human medicine for the treatment and prophylaxis of E. faecium infections. However, because this phage also contains a putative metallo-b-lactamase gene in its genome, it will be necessary to clear the function of this putative antibiotic resistance gene before it can be used for clinical application.
The complete nucleotide sequence of IME-EFm1 is, to the best of our knowledge, the first to be determined for an E. faecium phage. It had low similarity to other phages at the nucleic acid and amino acid sequence levels, including phages from other Enterococcus spp. Sequence analysis revealed no highly homologous sequences in the database, suggesting that phage IME-EFm1 is novel. The determination of the phenotypic features and genetic properties of IME-EFm1 provides useful information for future studies, including host specificity, propagation dynamics and adaptation to bacterial defence systems, and will assist in programmes to exploit bacteriophages as therapeutic agents against bacterial pathogens. Therefore, this study should provide elementary data for the future application of E. faecium phages.
METHODS
Bacterial strains. Thirty bacterial strains isolated from clinical urine specimens by the clinical laboratory at the Chinese People's Liberation Army Hospital 307 (Beijing, China) were used. This collection comprised 22 E. faecium strains, four E. faecalis strains, two S. aureus strains and two E. coli strains. Bacterial isolates were identified using an automatic bacterial identification analysis system (VITEK) and 16S rRNA gene PCR amplification and sequencing. PCR was carried out using 26 EasyTaq PCR SuperMix (TransGen) and primers 27F (59-AGAGTTTGATCMTGGCTCAG-39) and 1492R (59-CGGTTACCTTGTTACGACTT-39) (Weisburg et al., 1991) . Drug susceptibility testing was carried out according to Clinical and 
SAP6 IME-EF1 Fig. 6 . Phylogenetic analysis of selected IME-EFm1 structural proteins. Phylogenetic trees were reconstructed from selected structural genes from enterococcal phages using the neighbour-joining method and 1000 bootstrap replicates. Phylogenetic trees were constructed based on the amino acid sequences of the large terminase proteins (a) and portal proteins (b).
Bootstrap support values (indicated on nodes) are shown for selected internal branches. Bars, amino acid substitutions per site.
IME-EF3
IME-EFm1 IME-EF4 IME-EFm1 Laboratory Standards Institute guidelines (CLSI, 2012) . Bacteria were stored at 270 uC in brain-heart infusion (BHI) broth (Becton Dickinson) supplemented with 25 % glycerol. All strains were cultivated in liquid BHI medium at 37 uC with aeration.
Isolation and purification of bacteriophages. Bacteriophage IME-EFm1, which specifically targets E. faecium strain 383, was isolated from sewage collected from Hospital 307 using enrichment culture (Adams, 1959) . Purification, concentration and replication were carried out by standard methods as described previously (Carlson, 2005) . The bacteriophage titre was assessed using a double-layer agar technique according to methods described previously (Adams, 1959) .
Transmission electron microscopy. The lysate of purified phage was recovered by centrifugation at 4800 g for 5 min. The supernatant was filtered through a 0.45 mm filter to clear bacterial cells and other debris. A 20 ml aliquot of purified bacteriophage sample was placed on carbon-coated copper grids to absorb for 15 min. Subsequently, the sample was negatively stained with 2 % (w/v) phosphotungstate. Images were obtained using a transmission electron (JEM-1200EX, Japan Electron Optics Laboratory) at an acceleration voltage of 100 kV.
M.o.i. and one-step growth assay. Serial dilutions of E. faecium strain 383 in the growth phase were added to aliquots of IME-EFm1 stock solution, each containing the same number of bacteriophages. After 10 min of absorption at 37 uC, the mixtures were centrifuged at 7000 g for 5 min. The phage-cell complexes were sedimented and resuspended in 5 ml BHI medium. The phage titre was analysed following 4 h of incubation at 37 uC, as described previously (Gallet et al., 2009; Zhu et al., 2010) .
One-step growth curve experiments were performed as described previously (Ellis & Delbrück, 1939) . Briefly, the initial phage titre was determined by adding serial dilutions of high-titre phage lysates to lawns of the host bacterial strain (Adams, 1959) . Then, 100 ml phage solution (5610 7 p.f.u. ml
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) was added to 1 ml bacterial suspension (5610 7 c.f.u. ml
; m.o.i.50.1). This mixture was incubated at 37 uC for 5 min to allow phage adsorption. After 5 min, the mixture was centrifuged at 4800 g for 5 min, the supernatant removed and the pellets resuspended in 10 ml BHI broth. Subsequently, 100 ml samples were taken at 0, 5, 10, 15, 20, 25, 30, 40, 50, 60, 90, 120 and 150 min and titrated using a double-agar method (Adams, 1959) . The first set of samples was immediately diluted and plated for phage titre determination. The second set of samples was processed with 1 % (v/ v) chloroform prior to phage titration to release intracellular phages to determine the eclipse phase (Pajunen et al., 2000) . The phage titre was then plotted against time to estimate the latent period and burst size.
Host range determination. Host range was determined using spot testing, which is a rapid and efficient method, with the abovementioned 30 bacterial strains (Kutter, 2009) . To observe the scope of phage sterilization, the bacterial strains grown in liquid BHI medium were mixed with semi-solid BHI medium and transferred directly onto plates already containing a layer of solid BHI medium. After drying, a drop of the phage suspension was put on the bacterial layer. After 8 h of incubation at 37 uC, the plates were checked for plaques on bacterial lawns (Kutter, 2009) . Phages able to infect a particular host type formed plaques on the bacterial lawn (Carlson, 2005) .
Genomic DNA extraction. Bacteriophage genomic DNA was extracted from the phage lysate using standard phenol/chloroform extraction protocols as described previously (Brabban et al., 2005; Lu et al., 2013; Wilcox et al., 1996) , with minor modifications. Phage stock solution was treated with 1 mg DNase I ml 21 and 1 mg RNase A (Thermo Scientific) ml 21 and incubated overnight at 37 uC to remove contaminating bacterial DNA and RNA. Samples were then incubated at 80 uC for 15 min to deactivate the DNase I. Lysis buffer (final concentration 0.5 % SDS, 20 mM EDTA, 50 mg proteinase K ml
) was added to samples, which were then incubated for 1 h at 56 uC in a water bath, after which an equal volume of phenol was added to extract the viral DNA. Following centrifugation at 7000 g for 5 min, the aqueous layer was removed to a fresh tube containing an equal volume of phenol : chloroform : isoamyl alcohol (25 : 24 : 1) and centrifuged at 7000 g for 5 min to remove proteins and polysaccharides. The aqueous layer was collected and mixed with an equal volume of 2-propanol, and stored at 220 uC for 3 h. The mixture was then centrifuged at 4 uC for 20 min at 10 000 g, and the resulting DNA pellet was washed with 75 % ethanol. The DNA pellet was air dried at room temperature, resuspended in deionized water and stored at 220 uC for use (Sambrook & Russell, 2001 ).
Library preparation and genome sequencing. The genome sequence of purified genomic DNA was performed on a Personal Genome Machine (PGM) sequencer. An adaptor-ligated library was made using a NEBNext Fast DNA Library Prep Set for Ion Torrent following the manufacturer's protocol (NEB). Briefly, 100 ng purified DNA was dissolved in deionized water to a total volume of 50 ml and fragmented by a Bioruptor Sonication System to a size distribution of 300-400 bp. The sonicated fragments were end repaired and ligated with Ion Torrent adapters P1 and A. Then, the 350-370 bp adaptorligated fragments were selected with E-Gel Size Select 2 % agarose (Invitrogen). The selected product was PCR amplified, with reaction conditions of 98 uC for 30 s (initial denaturation) followed by nine cycles of 98 uC for 10 s (denaturation), 58 uC for 30 s (annealing) and 72 uC for 30 s (extension), with a final extension of 72 uC and 5 min. The concentration of the amplified product was determined with a Qubit 2.0 fluorometer (Life Technologies). Prior to sequencing, quality-control analysis for the constructed library was performed for fragment size distribution with a Bioanalyser 2100 (Agilent Technologies). Template preparation was carried out with an Ion One-Touch 200 Template kit v.2 DL (Life Technologies) according to the manufacturer's instructions. Briefly, the library was diluted to 3 ng ml 21 and attached to the surface of ion sphere particles (ISPs) and used as templates for clonal amplification during the emulsion PCR. Emulsion breaking and enrichment were processed subsequently. The quality of the enriched ISPs was estimated with an Ion Sphere Quality Control kit (Life Technologies). An Ion PGM Sequencing 300 kit (Life Technologies) was used with the PGM sequencer according to the Ion PGM Sequencing 300 kit protocol. Enriched ISPs were loaded onto an Ion 318 chip and sequenced on the PGM for 640 flows, resulting in a mean read length of .300 bp. Newbler v.2.8 was used to assemble the raw sequencing reads. The genome was visualized using CLC Genomics Workbench software (CLCbio).
Terminal run-off sequencing. The IME-EFm1 complete genome without interrupting was used as template for terminal run-off sequencing (Sanger sequencing, ABI 3730XL), as described previously (Lu et al., 2013) . Fig. 4(a) shows the position of primer F (59-GCAACCACTATGCGAGGTATGC-39) and primer R (59-GCGTGT-CTGCCCAGTTGAC-39) in the genome.
Genome annotation and comparison, and phylogenetic tree reconstruction. Initial gene prediction was carried out with the Rapid Annotation using Subsystem Technology (RAST) annotation server (Aziz et al., 2008) . All predicted ORFs were verified manually using results of searches against the non-redundant database (NCBI) by PSI-BLAST (Altschul et al., 1997 ) with a minimum E-value of 1E
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. The conserved domains were searched against Pfam (Bateman et al., 2004) , the Conserved Domain Database (Marchler-Bauer et al., 2005) and the Clusters of Orthologous Groups of proteins database (Tatusov et al., 2000) using RPS-BLAST (Marchler-Bauer et al., 2009) . Missed ORFs, frameshifts and pseudogenes were identified using the online program (http://www.ncbi.nlm.nih.gov/genomes/frameshifts/ frameshifts.cgi). The identification of putative promoter regions was carried out using the Neural Network Promoter Prediction tool (Reese, 2001 ) of the Berkeley Drosophila Genome Project (minimum promoter score: 0.9). The FindTerm programs (Solovyev & Salamov, 2011) predicted the rho-independent transcription terminators (energy threshold value: 211). Putative tRNA-encoding genes were searched using tRNAscan-SEM (v.1.21) (Lowe & Eddy, 1997) . A physical map of the annotated IME-EFm1 genome was generated using DNAPlotter (Rosseel et al., 2012) . Easyfig software (Sullivan et al., 2011) was used for construction of multiple amino acid sequence alignments. The neighbour-joining phylogenetic tree was reconstructed using the Poisson model with 1000 bootstrap replications in MEGA 5.0 (Tamura et al., 2011) .
